This senior project report explains the design of a Multiple Input Single Output (MISO) DC-DC converter for the DC House Project. MISO DC-DC converter interfaces multiple different power sources such as Wind and Solar Energy sources as the inputs to a DC house. The report demonstrates the functionality and the performance of the proposed converter using Flyback topology by showing the theoretical simulation and hardware testing results. Results show the ability of the proposed MISO converter to supply up to 150 Watts from three sources while maintaining maximum efficiency of 92% at full load.
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I. Introduction
. Due to the operating frequency, the line inductance will cause voltage drops along the line which needs to be fixed typically using shunt capacitor to increase the voltage again. The reactance along the line causes the lagging power factor which leads to drawing more current from the generator to produce the same amount of real power required by the load, thus introducing more transmission loss. While in DC, power factor is always unity, hence it only transmits real power.
In developing countries, such as Indonesia, there are a lot of rural areas where electricity is scarce. People in such countries still depend on oil lamp for lighting during the night and use oil stove to cook which increases the fire hazard. However, aside from the scarcity of the electricity, such countries usually have abundant renewable energy resources such as solar, hydro and wind energy. It would be advantageous for rural areas to be able to utilize these renewable resources instead of depending on oil as the main energy source.
Many research have been conducted to utilize the renewable energy resources such as PV panels to use solar energy. However, most of them convert only one type of source to electrical energy.
One major disadvantage utilizing a single renewable energy source is when the generator side stops supplying power due to natural condition. As PV is relying on the sunlight, its converter will not supply any power at night. A better approach would therefore be combining multiple renewable resources such as PV and hydro. This way during night, the hydro generator will keep delivering energy to the load.
The focus of this study is to design and build Multiple Input Single Output (MISO) DC-DC
Converter to interface multiple sources to a single DC bus output. As mentioned previously, in rural areas DC system would be more advantageous and efficient by utilizing renewable energy resources such as solar, hydro and wind energy. Using renewable energy resources may potentially be the cheaper solution and thus it is also the purpose of the DC House Project. This in turn will help people who live in the rural areas to enjoy electricity without burdening them too much with the cost of electricity. The initial study and prototype has been done by Taffy Chi Kin Wong in California Polytechnic University as his Master thesis using full bridge topology to achieve 600 Watts of MISO Converter [3] . However, the previously designed MISO Converter lacks of isolation and output power. Therefore, and alternative solution is necessary and is being proposed in this report to address issues faced by the previous MISO converter.
II. Design Requirements
As mentioned in the previous chapter, this project has the objective to design and build a Multiple Input Single Output (MISO) DC-DC converter for the DC House Project. Previously, a MISO converter was designed and constructed by another student, but the converter still suffers from a few shortcomings. One issue is the overall converter's efficiency. In this project, to improve efficiency not only that the proposed DC-DC converter topology needs to be evaluated, but also the components in the system need to be optimized. Solar Panel, DC wind turbine and DC hydro-turbine have been studied by other groups of students in the DC House project to determine the output voltage of the sources that
give the best efficiency. For this project, it will be assumed that 24 volts output voltage gives the maximum overall system efficiency. This means the nominal input of the MISO converter will have to be 24 Volts. In the second phase of the DC House project, MISO converter utilizes three different input sources. Each renewable energy source is assumed to output 50 Watts, so the total maximum output power of proposed DC-DC converter is 150 Watts. Another necessary assumption is devices used in the DC House operate at 48 input voltages to achieve their highest efficiency; therefore the MISO converter regulates the output at 48 Volts.
Since the MISO converter is used for home applications, isolation is necessary for safety reason.
This isolation can be achieved by using transformer while at the same time providing the step up or down function. It was then determined that for this project the proposed solution had to be an isolated topology. Increasing efficiency of the MISO system is one of the objectives of this project. Therefore the proposed design is expected to operate with greater than 80% efficiency at maximum load. In order to ensure quality of the output voltage, output voltage peak to peak ripple should be less than 2% of the specified 48 V output at full load and nominal 24 V input. Line and load regulations are also targeted to be less than 3% with input voltage variation from 20 to 28 Volts. 
Number of input source 3
Input source voltage 24V
Maximum output wattage 150W
Output voltage 48V
Line regulation 3%
Load regulation 3%
Output voltage ripple 2%
Efficiency at full load ≥80%
III. Design and Simulation
Designing high-power high-efficiency MISO converter using Flyback topology has a couple of advantages. With Flyback, the converter requires only one switch and one winding per input as shown in It is suggested that Rref should be 6.04kOhms. Therefore the current through Rfb is 0.2025mA (=1.223V/6.04k). Rfb is then determined to be around 230kOhms.
At full load, to reduce the switching loss, lower operating frequency needs to be considered.
One assumption needs to be made is that MISO converter runs at 80 KHz at full load (3Amps).
From the duty cycle equation, peak current of the secondary winding of the transformer can be found to be 18 Amps. Divided evenly to three sources, each primary winding has peak current of 6 Amps. The maximum voltage of the sense node is 100mV, therefore by following Ohm's law (V=IR), Rsense is found to be 16mOhms. After figuring out the peak current and the operating frequency, the inductance of the primary windings can be calculated using VL = L dIL/dT.
Based on the calculated value, the MISO converter is designed and simulated as shown in the schematic of Figure 3 -3.
Figure 3-3: Schematic of MISO Flyback Converter Design
To be able to run independently, the "or diode" configuration is used. However, since the sense pin needs a current path for its current to flow to sense the voltage, wye resistor configuration is used to reflect the voltages built by the sense resistor. The simulation results are shown below in Figure 3 
MISO Flyback Converter
The key component of the proposed MISO converter is the transformer. The transformer has to be able to handle 18 Amps peak current at 80 kHz of operating frequency. Design of the transformer is done using what is known as the Area Product method.
Note:
 Ap is area product  Np is number of turns on the primary side  r is relative permeability of the magnetic material (from data sheet)  Iprim-pk is primary side peak current (18 Amps)  Irms is the root mean squared of the current  Bmax is maximum magnetic flux density and assumed to be 300mT (for design purposes)  Lmag is the magnetizing inductance (10uH from the simulation)  Lg is air gap required by the flyback transformer  Le is effective length of the core used for the transformer (from data sheet)  Ae is the effective area of the core used for the transformer (from data sheet) handle 500mT of magnetic flux density and the operating frequency can go up to 1.5MHz. However, some values are adjusted to give the transformer safety margin. The peak current is assumed to be 30Amps and RMS primary current to be 6.5Amps. After calculating the area product of the required core, PQ4040 from Mag Inc.com was chosen. The area product of the required core is found to be 1 cm 4 while PQ4040 has area product of 5 cm 4 . Assumed values and calculated values for the transformer design are shown on Table 3 -1 below. 
IV. Hardware and Testing
In order to reduce losses such as DC losses and proximity effect between primary and secondary windings inside the transformer, the primary and secondary windings in the MISO transformer were constructed in sandwich winding patters and bifilar windings to achieve high efficiency and low leakage inductance. The sandwich winding pattern of MISO transformer is shown in Figure 4 After the MISO Transformer was constructed, the magnetizing inductance of the primary windings was found to be 10.3µH and leakage inductance of 0.25µH was measured. The leakage is considered acceptable as long as less than 5% of its magnetizing inductance.
Figure 4-2: The terminals configuration of MISO Transformer
Based on the terminals configuration of MISO transformer and the schematic of Figure 3 -3, a custom printed circuit board is designed to support the designed circuit. The MISO printed circuit board is designed using only two layers as shown in Figure 4 -3, MISO printed circuit board layout. By using two layers, it is easier to make any modification as necessary. The controller has its own signal ground separated from the power ground to suppress the noise from environment and from the MISO transformer that might affect the current sensing node. The MISO printed circuit board use surface mount components for controller and sensing functions, and through-hole for power components such as MOSFETS and output schottky diode to ensure the reliability. Initially, to reduce the conduction loss due to MOSFET's Rds-on, three MOSFET slots are provided for each source, therefore to ensure the gate driving capabilities of LT3748, one NPN/PNP driver is set up to drive three MOSFETs for each source.
However, to protect the gate driver of LT3748 from shorting to ground, 50 Ohms resistor is used to interface the gate driver pin of LT3748 to the bases of NPN/PNP drivers. The proposed MISO converter hardware is shown in Figure 4 -4. Inputs (1), (2) and (3) are the primary sides of the MISO flyback converter. Input (4) powers LT3748 controller separately from the MISO converter's input sources. For the DC House application, this can be replaced by using a 9 Volt battery which is then stepped up to 24 Volts using Boost converter so that the controller's operation is completely independent of the renewable sources. (4) however is powered by a 9
Volt battery stepped up to 24 Volts using boost DC-DC converter to power the controller.
Unfortunately, the "or diode" configuration created noise at the sensing node and the MISO converter was not regulated properly, thus the "or diode" configuration is then removed leaving just one diode connected to one source. By using just one diode, the controller forces the MISO converter to require one source to be running all the times for achieving regulation of the MISO converter.
Figure 4-5: The complete MISO converter test setup
When the "or diode" configuration was removed, input A was chosen to become the main source that has to run all the times so the controller can regulate properly. In the hardware demonstration, The MISO converter hardware was tested under different conditions: only source (1) was turned on, source (1) and (2) were turned on, source (1), (2) and (3) are turned on. The current voltage waveform is monitored to ensure the MISO converter is running at maximum output before it hits the 100mV maximum current limit. All voltages and average currents from the input sources and output, %efficiency and % load regulation are recorded in table 4-1, 4-2 and 4-3. Performance data of the MISO converter, such as maximum output peak to peak ripple, maximum % load regulation and maximum load % efficiency are recorded in Table 4 -4. to the voltage and current supplied to the DC house.
In Table 4 -4, maximum output power is calculated by using (4-1)
Efficiency is calculated by using (4-2)
Load Regulation is calculated by using (4-3)
Line Regulation is calculated by using (4-4) Figure 4 -8 which yields the highest for all cases. The maximum output load regulation is 0.67% and efficiency at maximum load is 92.35%, which are both within the specified level. However, at lower loads, the MISO converter needs a minimum load of about 330mA; otherwise the output voltage will keep rising.
"LT3748 recovers output voltage information using the flyback pulse that occurs once the MOSFET turns off and the secondary winding conducts current. In order to regulate the output voltage, the LT3748 delivers a minimum amount of energy even during light load conditions to ensure accurate output voltage information. The minimum delivery of energy creates a minimum load requirement on the output approximately 2% of maximum load. The minimum operating frequency at minimum load is approximately 42 kHz."- [4] source measurement result of 1.8 Amps at maximum load. The 2% minimum load requirement translates into 360 mA. Therefore, 330 mA load requirement is correct including loss along the energy transferring. However, to keep the efficiency high, another flyback circuit to drive two fans is connected at the output. This extra flyback circuit serves as the minimum load of the MISO converter and also as the cooling system driver required by the MISO converter. This extra flyback fans driver circuit is shown in Figure 4 -9. It is a step down circuit that converts 48 V to 24 V, using LT3748 as the controller. The loads are two fans rated at 24 Volts -0.3 A. Thus, the two fans will draw a total of 0.6 Amps at 24 Volts, or 0.3 at 48 Volts. To protect the input of the fans driver circuit, 4 12Volts zener diodes are used. The proposed MISO converter was found to be sensitive towards short circuit on its primary side windings. If one of the sources gets shorted to ground, the controller will not be able to regulate the output voltage of the MISO converter. Adding a switch between each renewable energy source to its primary winding will add one layer of protection to short circuit condition. If one source gets shorted to ground then the switch is turned off, hence isolating the shorted source from its primary winding.
In conclusion, this project demonstrates the ability of the proposed MISO converter to accept several different sources and then convert the power into one single output as required by the DC House.
